Abstract. We present a Monte Carlo algorithm for studying the equilibrium properties of hard rod fluids having only excluded volume interactions. The algorithm does not suffer from slow-down due to jamming even at densities close to the maximum possible. Implementing this algorithm on a two dimensional square lattice, we show the existence of a transition from an ordered nematic phase to a disordered phase at a critical density  0.910, for rods of length 7.
INTRODUCTION
A system of rigid rods interacting through excluded volume interaction undergoes a first order phase transition from a disordered isotropic phase to an ordered nematic phase as density is increased [1] . Such a model has applications in liquid crystal physics [2] . On lattices, a second transition from the nematic phase to a disordered phase at densities close to one was theoretically predicted by Ghosh and Dhar [3] . While the isotropic to nematic transition is in the Ising universality class for square lattice and 3-state Potts universality class for triangular lattice [4] , little is known about the second transition. This is because, the system, when evolved using conventional grand canonical Monte Carlo algorithms that involve only local evaporation, deposition, and diffusion moves, gets trapped in metastable states and does not equilibrate in available CPU time. In this paper, we present an algorithm that is able to overcome this slowing down due to jamming and at the same time improves the computational speed. Our Monte Carlo simulation, using this algorithm, finds a clear evidence for the second transition.
MODEL AND ALGORITHM
Consider a square lattice of dimensions L L  with periodic boundary conditions. A k -mer is a set of k consecutive sites, all in the horizontal ( X -mer) or the vertical (Y -mer) direction. A lattice site can have at most one k -mer passing through it. A weight z is associated with each k -mer.
The Monte Carlo algorithm is as follows. Given a valid configuration, first, all X -mers are removed. Each row now consists of sets of contiguous empty sites, separated by sites covered by Y -mers. Each such interval, independently of the other intervals, can be covered by one or more X -mers, if the length of interval is greater than or equal to .
k Given an empty interval of length l , it is straightforward to determine the equilibrium probability that the first site is occupied by a k -mer. All the relevant probabilities are calculated in MATHEMATICA and stored in the program. This increases the computational speed.
Following the evaporation of and re-occupation by X -mers, all Y -mers are evaporated and all columns are reoccupied with Y -mers. A Monte Carlo move corresponds to one set of evaporation and reoccupation of X -mers and Y -mers.
The algorithm can be extended in a straightforward manner to other lattices and to the case of polydispersed systems. The algorithm is also easily parallelizable, as the evaporation and deposition in a row are independent of what happens in other rows. Thus, we expect that the algorithm would allow the study of higher dimensional systems of reasonable size. 
SIMULATION RESULTS
We present results from simulations on a square lattice. FIGURE 1 shows snapshots of a low density isotropic phase, an intermediate density nematic phase and a high density disordered phase. Q is zero in the isotropic phase and non zero in the nematic phase. In FIGURE 2, we show the history averaged order parameter as a function of time for two densities, when the initial state is fixed to be fully nematic. At the higher density, the system does not equilibrate in available CPU time, when the Monte Carlo moves involve only simple evaporation and deposition moves [3] . In FIGURE 3 we show the order parameter Q as a function of density for three lattice sizes. The decrease in Q to zero at large densities is clear evidence of the second transition.
CONCLUSION
We presented a Monte Carlo algorithm using which we have studied the high density phase of a system of long rods. While we presented evidence for a second transition, it would be interesting to determine the nature of the transition.
